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(54) MANUFACTURING FOR FERROELECTRIC THIN FILM 

(57)Abstract: 

PURPOSE: To provide a ferroelectric thin film without including 
a material vaporized at a low temperature, by using a mixed 
material of alkoxide, carboxylate r acetyleacetonate or a 
combination of these materials in a layered oxide structure. 
CONSTITUTION: A mixture of alkoxide, carboxylate, 
acetyleacetonate or a combination of these materials in a 
layered oxide structure is used with a solvent to prepare a 
precursor solution. The precursor is applied to a face of a 
substrate 10 to form a thin film, and the substrate 10 is baked in 
a given time to remove the solvent from the thin film. The 
substrate 10 with the thin film is heated to form a crystalized 
thin-film oxide material 13 with a layered structure. Then, a 
ferroelectric thin film made of oxide material with a layer 
structure that doesn't include a material vaporized at low 
temperatures can be obtained. In a non-volatile memory, a 
fatigue problem, and a deterioration problem depended on time, 
such as dielectric breakdown or aging, can be prevented. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] How to deposit the thin film which consists of a ferroelectric layer structure oxide on a substrate 
by the chemistry solution deposition characterized by providing the following. Mixture of the metallic elemenl 
of an alkoxide, carboxylate, acetylacetonate, or the layer structure oxide that is the configuration of such 
combination. The process which prepares the precursor solution containing a solvent. The process which 
gives this precursor solution on this substrate, and forms a thin film. This film. 

[Claim 2] at least one of the compounds which the aforementioned ferroelectric layer structure oxide shows 
below — it is — AnBi3Tin+1 R03n+9ABi2R209Bi2n+2Ti4-n01 2-nAn+1 Bi4Tin+401 5+3n — here — A — 
calcium, Pb, Sr, or Ba — it is — R — Nb or Ta — it is — and n= — the method according to claim 1 of 
being 0 or 1 

[Claim 3] The way according to claim 2 the ratio to Nb of Ta is about 0.4. 

[Claim 4] The semiconductor with which the aforementioned substrate consists of at least one of Si, Si of 
Si02 covering, or the GaAs(es), sapphire, Zr02, MgO, SrTi03 and BaTi03 or the single crystal insulator with 
which it consists of at least one of the PbTiO(s)3, and the method according to claim 1 of being at least one 
of the complicated integrated circuits. 

[Claim 5] Manufacture of the aforementioned precursor is the method according to claim 1 of including a 
hydrolysis process and a condensation process. 

[Claim 6] The aforementioned solvent is the method according to claim 1 of being at least one of alcohol, an 
aromatic hydrocarbon, and the ester. 

[Claim 7] The aforementioned precursor is the method according to claim 1 of carrying out amount content 
only with 80 superfluous% from *\% about one or more metallic elements of the aforementioned layer 
structure oxide. 

[Claim 8] The method according to claim 4 of giving the aforementioned precursor to the aforementioned 
substrate using at least one of a spin coat process, a dipping process, a spray process, or the application 
processes. 

[Claim 9] The aforementioned baking is a method according to claim 1 performed at the temperature 
between 50 degrees C and 250 degrees C. 

[Claim 10] The aforementioned heating is a method according to claim 1 performed at the temperature 
between 500 degrees C and 850 degrees C. 

[Claim 1 1] The method according to claim 1 by which the aforementioned heating is performed in air or 
controlled atmosphere which consists of at least one of oxygen, nitrogen, an argon, or the other inert gas. 
[Claim 12] the above — the way according to claim 1 fixed time is from 1 second before 20 hours 
[Claim 13] The aforementioned layer structure matter belongs to the solid solution of SrBi 2 (TaxNb 2-x)09 
(0< x<2). the aforementioned precursor Strontium-2-ethylhexanoate (Sr (C7H15COO)2, about 99.8%), 
Bismuth-2-ethylhexanoate with 50 superfluous% (Bi (C7H15COO)3, about 99%), Tantalum ethoxide (Ta 
(OC2H5)5, about 99.95%), niobium ethoxide (Nb (OC2H5)5, about 99.95%) and 2-ethyl hexanoic acid (C7H — 
15 COOH) It is about 99%, the aforementioned solvent is a xylene, and the aforementioned substrate is 
Si/Si02/Ti/Pt. It is the way according to claim 1 the aforementioned process which gives this precursor to 
this substrate is the spin coat method, the aforementioned burning temperature is 250 degrees C, the 
aforementioned firing time is 3 minutes, the aforementioned heating temperature is 750 degrees C, and the 
aforementioned heating time is 1 hour. 

[Claim 14] The fatigue speed of the aforementioned ferroelectric thin film is slow, and it is a method 
according to claim 1 3 with few amounts of the leakage current. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the method of manufacturing this oxide using the 
chemical-solution processing based on processes, such as organic-metal decomposition and sol gel, in 
relation to the ferroelectric layer structure oxide of a thin film gestalt. Such an element is applied to 
ferroelectric equipments, such as a capacitor, non-volatilized memory, a sensor, a display, and a transducer. 
[0002] 

[Description of the Prior Art] The ferroelectric matter can be characterized [ first ] by having spontaneous 
polarization, and the direction of polarization can be reversed by electric field. In addition to it, these matter 
presents the peculiar dielectric characteristics applied to a variety of equipments, such as a capacitor, a 
dielectric resonator, a heat sensor, a transducer, an actuator, non-volatilized memory, an optical waveguide, 
and a display, a pyroelectric property, a piezo-electric property, and an electro-optics property, however — 
in order to apply to such various equipments — the ferroelectric matter — a thin film gestalt — 
manufacturing — it — the above — it is effective to utilize various properties and to increase the flexibility 
of a design of such a diaphragm structure 

[0003] Since attaining the bulk property of a ferroelectric in a thin film gestalt is called for in order to apply 
to various equipments, it is necessary to use the deposition technology which can optimize the various 
properties which thin films, such as a stoichiometry, degree of crystal I in ity, density, a microstructure, and 
crystal orientation, present, although various deposition technology by present is used, a film is grown up 
after controlling various properties by the bottom of low-temperature conditions comparatively — in order 
for technology to be still in the stage on the way of research, therefore to attain this purpose, some 
technology is being developed at present Generally, thin film deposition technology can roughly be classified 
into the following two categories. Namely, (1) physics vapor growth (PVD) and (2) chemical process (see 
"The Materials Science of Thin Films", Milton Ohring, Academic Press, 1992; S.LSwartz, IEEE Transactions 
on Electrical Insulation, 25 (5), 1990, 935; S.B.Krupanidhi, J.Vac.Sci.Technol.A, 10 (4), 1992, and 1569). This 
chemical process is classified into two more subgroups. That is, it is the wet chemical process which 
includes sol gel and organic-metal decomposition (Metalorganic Decomposition: MOD) in a chemical vapor 
deposition (CVD) and a row. The ferroelectric thin film deposition method most generally in PVD technology 
used, They are electron ray vacuum evaporationo, rf diode sputtering, rf magnetron sputtering, dc magnetron 
sputtering, ion beam sputtering, a molecular beam epitaxy, and laser ablation. If PVD technology is used, 
various advantages that purity is high and it is compatible with a semiconductor integrated circuit process b\ 
the dry process will be acquired, but on the other hand these processes have a low throughput, the rate of 
sedimentation is slow, and stoichiometry-control is difficult, and it is necessary to perform the annealing 
process after deposition at an elevated temperature and, and has the fault that the costs of equipment are 
high. Moreover, according to CVD technology, the film excellent in homogeneity is obtained, composition 
control is easy, both the membranous densities and rates of sedimentation are high, it excels in level 
difference covering nature, and various advantages that a large-scale process is possible are acquired. 
However, selection of a suitable precursor is a very important problem. And especially the chemical 
operation included in this process (for example, organic metal CVD) when accompanied by complicated 
composition peculiar to the ferroelectric matter has a very complicated thing. 

[0004] In recent years, the chemistry solution depositing method which includes an organic-metal 
decomposition (MOD) process and a sol gel process is greatly capturing the spotlight as the manufacture 
method of the thin film to the substrate top from which plurality differs, or a paint film. The sol gel process 
and the MOD process have spread as thin film deposition technology because those processes are simple. 
According to those processes, a film with uniform molecule level is obtained on a scale of an atom in a 
multicomponent system, a throughput is high, and as long as an organometallic compound different, 
respectively dissolves into the usual suitable organic solvent, it excels in composition control, and since a 
film can be manufactured under the ordinary temperature and ordinary pressure which a vacuum moreover 
does not need, the advantage that main costs are also cheap is acquired. 

[0005] Although a pyroelectricity detector, an ultrasonic sensor, a surface acoustic wave device, and some 
electro-optics elements are mentioned by the technology based on a chemistry solution now as 
ferroelectric equipment with which manufacture and development are furthered that the effect should be 
proved, it is the greatest stimulus to the research activities of a ferroelectric thin film in recent years. It is 
the big need to commercialization of non-volatilized memory. As mentioned above, the ferroelectric matter i; 
characterized by having the spontaneous polarization which can be reversed by reversing impression electric 
field. Polarization in this matter shows a hysteresis by the impressed electric field. That is, in zero electric 
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field, as shown in drawing 1 , two stable equivalent polarization states, +Pr, or -Pr exists. Since it has such a 
feature, the bistable element which has electrically the ferroelectric capacitor (metal-ferroelectric-metal) 
structure which can be reversed is realized. It is possible to encode either of these two states as "1" or 
"0" in a computer memory, and since impression of the electric field (power) from the outside for 
maintaining this state of an element is not needed, it can be considered that this element is a non-volatilize< 
memory device. In order to change this state of an element, the threshold electric field (anti-electric field) 
exceeding +Ec or -Ec are required. In order to reduce required applied voltage, you have to thin-film-ize the 
ferroelectric matter. A nonvolatile RAM element is obtained for the first time by accumulating a ferroelectric 
thin film capacitor into the present VLSI (J. refer to F. Scott and Science by C.A.Paz de Araujo, 246, (1989), 
and 1400-1405). A ferroelectric RAM (FRAM) has various advantages that early and operating voltage are 

switching speed ] low (less than [ 5V ]), and moreover it is [ an operational temperature range is wide and ] 
excellent in a radiation resistance, nonvolatile. Since a ferroelectric thin film, an electrode, and a passivation 
layer can be deposited within the small equipment arranged independently further again, it is not necessary 
to also add any change to VLSI manufacture of Si by the present online system, or GaAs. Theoretically, 
finally FRAM can be used instead of the static RAM (SRAM) in a cache memory, the dynamic RAM (DRAM) 

in main system memory, and EEPROM in a lookup table (electricalerasable programmable read only 
memories). 
[0006] 

[Problem(s) to be Solved by the Invention] Although there is big potential possibility in nonvolatile RAM by 
using a ferroelectric thin film, what has barred commercialization is that degradation problems, such as 
fatigue which has a bad influence on the life of ferroelectric equipment, the leakage current, and aging, are 
serious. The common cause of degrading the property of a ferroelectricity oxide is that defects, such as an 
oxygen hole, exist in the matter. About the problem of fatigue, you should care about that the polarizability 
falls as the polarization state of a ferroelectric is reversed repeatedly, the cause (it Desu(s) I. — K.Yoo and 
S.B. — ) which fatigue generates Mat.Sci.and Eng., B13, (1992), 319; I.KYoo and S.B.Desu, Phys.Stat.Sol., 
a133, (1992), 565; I.K.Yoo and S.B.Desu, J.Int.Mat.Sys., 4 (1993), 490;S.B.Desu, and I.K.Yoo, J. The relative 
movement of an oxygen hole and that the trap of them is carried out [ both ] to an electrode / ferroelectric 
interface (and/or, the grain boundary and a domain boundary) have reference in Electrochem.Soc, 140, 
(1993), and L133. It generates during processing of a ferroelectric (it had desired ferroelectric phase) film, 
and these defects can be classified into two, an endogenicity defect and an exogenous defect. An 
exogenous defect is an impurity mixed into a film during processing, and is an impurity controllable by 
controlling process environment. An endogenicity defect can be classified into the following two types. That 
is, it is two, the defect which is maintaining stoichiometrics, such as the (a) Schottky defect, and the defect 
to which the stoichiometry in (b) matter is changed. The case where PbZrxTi1-x03 (PZT) which is the 
ferroelectric thin film material to which research is most extensively advanced as an example in which such 
a defect is formed that it should apply to non-volatilized memory is used is mentioned. The Schottky defect 
in perovskite (AB03) ferroelectrics, such as PZT, is expressed by the following semi- chemical reaction 
formulae (based on a Kroger-Vink notation). 
[0007] 

AA+BB+3 00->VA"+VB""+3VOinfinity+AS+BS+30S (1) 

Here, AA, BB, and OO express the site which A, B, and O occupy, respectively, and VA", VB"'\ and 
VOinfinity express the hole of A, B, and O atom, and AS, BS, and OS express each Schottky defect. The 
hole formed as a typical example of the defect to which a stoichiometry is changed in order that one or 
more volatile composition elements may evaporate in the quality of a multicomponent system oxide is 
mentioned. In PZT, it is required in order for processing at the temperature exceeding 600 degrees C also at 
the lowest to form a ferroelectric perovskite phase. However, in order to already begin to evaporate a PbO 
component at the low temperature of 550 degrees C, as shown in the following formulas as a result, oxygen 
hole and a lead hole are formed. 
[0008] 

PbPb+TiTi+ZrZr+300->xPbO+xVPb"+xVOinfinity +(1-x) PbPb+TiTi+ZrZr+(1 -x) OO (2) 

An endogenicity defect is generated by the stress generated within a film during switching of a ferroelectric 
domain again. It is shown quantitatively that the trap of these holes to relative movement of these oxygen 
holes, and an electrode / ferroelectric interface (and/or, the grain boundary and a domain boundary) is the 
important factor which brings about degradation of a ferroelectricity oxide (S. refer to J. Electrochem.Soc. by 
B.Desu and I.K.Yoo, 140, (1993), and L133). In order to explain this point, the case where defatigation occurs 
can be carried out to reference. As mentioned above, the defatigation in a ferroelectric thin film is the fall of 
polarization produced as the number of times which polarization reverses increases. Under the a.c. electric 
field (it is required in order to generate reversal of polarization) impressed from the outside, an oxygen hole 
tends to move toward the interface as a result of the instability of an electrode / ferroelectric interface. 
Finally, the trap of these defects is carried out to an interface, and a structural damage is given. For this 
reason, a result to which polarization in the matter falls is brought. 

[0009] In order to conquer the problem of defatigation or other degradation, two possible solutions are 
considered. The first solution is reducing the inclination which carries out a trap by changing the property of 
the interface of an electrode/ferroelectric. It is used in order that the multilayer electrode structure 
equipped with ceramic electrodes, such as Ru02 which can minimize the trap of an oxygen hole, may 
minimize the problem of defatigation in a ferroelectricity oxide (the [ U.S. patent application ] No. 08/104,861 
(Multilayer Electrodes for Ferroelectric Devices, August 10, 1993 application) reference). The second 
solution includes control of defect density. Exogenous point defect concentration can be minimized by 
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reducing high impurity concentration or performing compensation of impurities. Doping of La and Nb is knowr 
by compensating a hole as technology of reducing the defatigation speed of the PZT thin film on Pt 
electrode (S. refer to Mat.Res.Soc.Symp. by B.Desu, D.P.Vijay, and I.K.Yoo, 335 (1994), and 53). As a policy 
for minimizing endogenicity defective concentration, selection of a compound with high defective formation 
energy and the selection of a compound which does not have a volatile component in the sub-lattice which 
presents a ferroelectricity are essentially mentioned, for example. Therefore, use of the ferroelectric 
compound which does not contain a volatile component can be mentioned as another policy for conquering 
the problem of defatigation or other degradation into the sub-lattice which presents a ferroelectricity again. 
Many layer structure ferroelectricity oxides which fulfill such adoption criteria are known. 
[0010] Once, the layer structure oxide was not earnestly regarded as a candidate who can apply to a 
ferroelectric element. However, the attempt used as a gate material on the transistor to which Bi4Ti 3012 
which is layer structure material is applied by switching memory was made (S. refer to the 499 - 504 pages 
in IEEE Transactions on Electron Devices by Y.Wu, and August, 1974). However, the element was that to 
which it is not suitable for applying to memory since degradation is early (S. refer to Ferroelectrics by Y.Wu, 
1976, and the Vol.11 ,379-383 page). Since it is impossible to deposit a thin film with the high quality which 
consists of such a material even if it is going to develop the practical element using the layer structure 
oxide, it is believed that the success has been obstructed. 

[0011] this invention is made in view of the above-mentioned technical problem, and the place made into the 
purpose is to offer the reliable deposition process of manufacturing the ferroelectric thin film by the layer 
structure oxide. 
[0012] 

[Means for Solving the Problem] The manufacture method of the ferroelectric thin film by this invention is 
the method of depositing the thin film which consists of a ferroelectric layer structure oxide on a substrate 
by chemical-solution deposition. The mixture of the metallic element of an alkoxide, carboxylate, 
acetylacetonate, or the layer structure oxide that is the configuration of such combination, The process 
which prepares the precursor solution containing a solvent, and the process which gives this precursor 
solution on this substrate, and forms a thin film, This substrate that has the fixed process which carries out 
time baking and removes this solvent from this film, and this film for this substrate that has this film is 
heated, the process which forms a crystalline thin film layer structure oxide is included, and the 
above-mentioned purpose is attained by that. 

[0013] at least one of the compounds which show the aforementioned ferroelectric layer structure oxide 
below preferably — it is — AnBi3Tin+1 R03n+9ABi2R209Bi2n+2Ti4-n01 2-nAn+1 Bi4Tin+401 5+3n — here 
— it is — A — calcium, Pb, Sr, or Ba — it is — R — Nb or Ta — it is — and n= — it is 0 or 1 
[0014] In a certain example, the ratio to Nb of Ta is about 0.4, and it is **. 

[0015] Moreover, in a certain example, the aforementioned substrate is at least one of Si, Si of Si02 
covering or the semiconductor that consists of at least one of the GaAs(es), sapphire, Zr02, MgO, SrTi03 
and BaTi03 or the single crystal insulator that consists of at least one of the PbTiO(s)3, and the 
complicated integrated circuits. 

[0016] The aforementioned substrate is a metal electrode containing Pt, aluminum, Au, or Pd, and MOx (0< 

x<2) (it is here). M — Ru, Rh, Ir, Os, Re, or LSCO (lanthanum-strontium-cobalt salt) — it is — the 

conductive oxide electrode to contain — The aforementioned substrate may be covered with the 

conductive matter containing at least one of the superconductivity nature oxides containing the conductive 

nitride electrode containing TiN or ZrN and YBa2Cu 207-x, or Bi2Sr2calcium2Cu 301 0. 

[0017] The aforementioned substrate and the aforementioned covering film may be separated by the glue 

line. 

[0018] In a certain example, manufacture of the aforementioned precursor includes a hydrolysis process and 
a condensation process. 

[0019] Moreover, in a certain example, the aforementioned solvent is at least one of alcohol, an aromatic 
hydrocarbon, and the ester. 

[0020] moreover, in a certain example, only 80% of the aforementioned precursor is superfluous in one or 
more metallic elements of the aforementioned layer structure oxide from 1% — amount content is carried 
out 

[0021] Moreover, in a certain example, the aforementioned precursor is given to the aforementioned 
substrate using at least one of a spin coat process, a dipping process, a spray process, or the application 
processes. 

[0022] Moreover, in a certain example, the aforementioned baking is performed at the temperature between 
50 degrees C and 250 degrees C. 

[0023] Moreover, in a certain example, the aforementioned heating is performed at the temperature between 
500 degrees C and 850 degrees C. Moreover, in a certain example, the aforementioned heating is performed 
in air or controlled atmosphere which consists of at least one of oxygen, nitrogen, an argon, or the other 
inert gas. 

[0024] moreover, a certain example — setting — the above — fixed time is from 1 second before 20 hours 
[0025] In a certain example, the aforementioned layer structure matter belongs to the solid solution of SrBi 
2 (TaxNb 2-x)09 (0< x<2). moreover, the aforementioned precursor Strontium-2-ethylhexanoate (Sr 
(C7H15C00)2, about 99.8%), Bismuth-2-ethylhexanoate with 50 superfluous% (Bi (C7H15COO)3, about 99%), 
Tantalum ethoxide (Ta (0C2H5)5, about 99.95%), niobium ethoxide (Nb (0C2H5)5, about 99.95%) and 2-ethyl 
hexanoic acid (C7H — 15 COOH) It is about 99%, the aforementioned solvent is a xylene, and the 
aforementioned substrate is Si/Si02/Ti/Pt. The aforementioned process which gives this precursor to this 
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substrate is the spin coat method, the aforementioned burning temperature is 250 degrees C, the 
aforementioned firing time is 3 minutes, the aforementioned heating temperature is 750 degrees C, and the 
aforementioned heating time is 1 hour. 

[0026] Moreover, in a certain example, the defatigation speed of the aforementioned ferroelectric thin film is 
slow, and there are few amounts of the leakage current. 

[0027] Moreover, a certain example includes further the process which manufactures either a ferroelectric 
element, a piezo-electric-crystal element, a pyroelectric voxel child or an electro-optics element using the 
film by which deposition was carried out [ aforementioned ]. 

[0028] Moreover, a certain example includes further the process which manufactures a non-volatilized 
memory device using the film by which deposition was carried out [ aforementioned ]. 

[0029] Moreover, a certain example includes further the process which manufactures a capacitor element 

using the film by which deposition was carried out [ aforementioned ]. 

[0030] 

[Function] The manufacture method of the ferroelectric thin film by the above-mentioned this invention 
makes it possible to manufacture the ferroelectric thin film which does not contain the component 
evaporated at low temperature. The ferroelectric obtained by the manufacture method of this invention is an 
oxide which has the layer structure. Preferably the material of the above-mentioned layer structure oxide 
AnBi3Tin+1R03n+9, ABi two R209, and Bi2n+2Ti4-n01 2-n, It is An+1 Bi4Tin+401 5+3n. here A=calcium, Pb, 
Sr or Ba — it is — R=Nb or Ta — it is — and n= — it is 0 or 1 (it Solids(es) E. — J.Phys.Chem. by 
C.SubbaRao — ) 23 (1962) 665; Arkiv Kemi by B.Aurivillius, 1 (1949) 463; J.Chem.Phys. by E.C.SabbaRao, 34 
(1961) 695; Refer to G.A.Smolenski, V.A.Isupov and Fiz Tverdogo Tela by A.I.Agranovskaya, and 3 (1961) 895. 
These compounds have false square symmetric property, and have the structure in which the unit which 
was similar to the perovskite between 2(Bi 202)+ layers along with false square c axis carried out the 
laminating. A majority of these compounds do not contain a volatile component at all in the sub-lattice whicr 
presents spontaneous polarization. The problem of degradation, such as formation of defects, such as an 
oxygen hole, and defatigation by it, can be carried out in this way, and can be minimized. 
[0031] The manufacture method of the ferroelectric thin film of this invention is a process based on the 
chemical solution. The process which compounds the precursor solution containing the mixture and the 
suitable solvent of the metal alkoxide of each element of the target layer structure oxide, metal carboxylate, 
or metal acetylacetonate. The process which gives these solutions to the substrate matter with technology, 
such as the spin coat method, a dipping method, a spray method, or the applying method A substrate is 
calcinated, the process which removes these organic substances from a precursor, and the process which 
performs annealing and obtains the crystalline target layer structure oxide are included, and the ferroelectric 
thin film which was excellent in membraneous quality with that is obtained. 

[0032] The substrate material used for this invention is Pt covering silicon wafer (Pt/Ti/Si02/Si), a RuOx 
covering silicon wafer (RuOx/Si02/Si), sapphire, or MgO preferably. Preferably, metallic coating in an 
element is Pt, MOx (they are M— Ru, Ir, Rh, Os, etc. here), YBCO (yttrium - barium— copper - acid ghost), LSCO 
(lanthanum-strontium-cobalt salt), and Au, Pd, aluminum or nickel. Preferably, the ratio to Nb of Ta is about 
0.4. The property and reliability of a ferroelectric element improve by using such material 
[0033] 

[Example] The manufacture method by the chemistry solution including a sol gel process and the MOD 
method is greatly capturing the spotlight as fine particles, a sphere, and the manufacture method of fiber. In 
recent years, this technology is extended also to manufacture of the thin film to a different substrate, or a 
paint film, and is used increasingly. This method is applied to the thin film containing a ferroelectric thin film, 
a high-temperature superconductor, a conductive film, an optical film, a protective coat, etc. The deposition 
process by the chemistry solution essentially consists of each process of manufacture of a precursor 
solution, hydrolysis, deposition in a substrate, removal of a solvent, pyrolysis, and membranous crystallization 
Generally, the process for thin film deposition by the solution is classified into two, a sol gel process and an 
MOD process. About an MOD process, hydrolysis is not performed before pyrolysis. A sol gel process 
consists of final polymerizations to hydrolysis, dehydration and gel, or a film to this process only containing a 
membranous pyrolysis and membranous annealing. Usually, the organometallic compound used for the MOD 
method has oxygen as a bridge between a metal and an organic ligand. Therefore, in the case of the MOD 
method, while M-O-M (metal-oxygen-metal) combination is formed during pyrolysis of the organometallic 
compound on a substrate, in a sol gel process, M-O-M combination is generated in gel. In a sol gel process, 
a solution is gelled to hydrolysis and condensation of a precursor. After the process of hydrolysis, of 
dehydration, a polymerization advances further and an M-O-M network is formed in this way. In an MOD 
process, removal and the pyrolysis of a solvent are performed following deposition of the film to the 
substrate top from a precursor solution. 

[0034] A deposition process can be attained by carrying out the spin coat of the precursor solution on a 
substrate, making it immersed, spraying, or applying. The film which became [ that as deposits and ] wet is 
changed into the stiff film which it was pyrolyzed and was dried with contraction of a considerable amount. 
During this pyrolysis, the change on physical morphologies, such as thickness, cracking, surface roughness, 
residual stress, and an uneven nucleation, becomes important. The damp film is changed into the dry film 
which consists of multiple oxides (amorphous state) after a decomposition reaction or a polycondensation 
reaction removes the remains organic substance. Crystallization is further attained by the sintering 
mechanism by which the pore in a film is crushed, and a film with high density is obtained in this way. 
[0035] In performing the above process, choosing in consideration of a suitable precursor is one of the most 
important points. All of the properties of a precursor and a solvent, those concentration, pH value, and 
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viscosity are the important factor which affects the quality of the film to deposit. The ideal precursor used 
for a chemistry solution deposition process should have the following properties. That is, the degree of (1) 
metal content is high, the solubility in a (2) usual organic solvent is high, and it is stable at (3) ordinary 
temperature and an ordinary pressure, (4) evaporation or pyrolyzing are possible, without dissolving, the film 
(5) Obtained is not polluted with the organic substance of a precursor, and the case of (6) multicomponent 
system oxide also has compatibility between each precursor, and it should not have (7) toxicity. However, all 
these criteria cannot be fulfilled simultaneously. For example, although solubility usually increases as the 
chain length of an organic ligand increases, the degree of metal content falls. Therefore, in case a precursor 
is chosen, you have to find out a compromise to these requirements. Fundamentally, the precursor used for 
a chemistry solution process is classified into three classes different, respectively. That is, they are (1) 
metal alkoxide M(OR) x T (2) metal carboxylate M(OOCR) x, and (3) metal acetylacetonate M(C5H702) x. M is 
a metal, and R is an alkyl group here, and x is a metaled atomic value. A metal alkoxide is usually used for a 
sol gel process, and, on the other hand, an MOD process uses carboxylate. 

[0036] The process using the method based on a solution is just developed for manufacture of a 
ferroelectric thin film recently (see Swartz, S.L, IEEE Transactions on Electrical Insulation, 25, 5, and 1990). 
Many of researches on solution processing of a ferroelectric it has been made to perovskite ferro electrics, 
such as PbTi03, TiO (Pb, La)3, and Pb(Zr, Ti) 03, (it Budd(s) KD. — ) S.K.Dey and D.A.Payne, Br.Ceram.Proc. ; 
36, 1985, 107; R.A.Lipeles, D.J.Colemen, and M.S.Leung, Mat.Res.Soc.Symp.Proc, 73, 1986, 665; G.Yi and 
Z.Wu, and M.Sayer, J.Appl.Phys., 64 (5), 1988, 2717; S.L.Swartz, P.J.Melling, and C.S.Grant, 
Mat.Res.Soc.Symp.Proc, 152, 1989, 227-232; Refer to G.H.Haertling, J.Vac.Sci.Technol., A9 (3), 1991, and 
414 in a row. However, manufacture of the layer structure ferroelectric thin film by this method was not 
successful, this invention offers the manufacture method of a ferroelectric layer structure oxide thin film. 
The specific embodiment (namely, MOD and a spin coat) of this invention which describes the effectiveness 
of the process of this invention of manufacturing a ferroelectric layer structure oxide thin film, in relation to 
manufacture of the specific ferroelectric element (namely, ferroelectric capacitor applied to non-volatilized 
memory) using the ferroelectric layer structure matter (namely, solid solution of SrBi2Ta209~SrBi2Nb 209) 
of a specific class proves. I want not to pass over the specific embodiment of this invention shown in an 
attached drawing row in this specification in the example to the last, but to emphasize that it should not be 
interpreted as what limits invention stated to the claim. 

[0037] Drawing 2 is the ** type view showing the ferroelectric capacitor whose ferroelectric matter is a 
layer structure oxide. A ferroelectric capacitor is formed on the top face of the substrate material 10 which 
can use 2 silicon-oxide layers by which the laminating was carried out on silicon and the silicon chip, gallium 
arsenide, MgO, sapphire, etc. Of course, a substrate 10 can be made into the multilayer structure which has 
the various circuit elements formed on the silicon chip which has 2 silicon-oxide layers, a polysilicon contesl 
layer, the silicon layer by which the ion implantation was carried out, and can form a complicated integrated 
circuit by it. On the top face of a substrate 10, the thin lower electrode layer 12 is deposited using either a 
standard PVD process or the chemical process for thin film deposition mentioned above. Superconductivity 
nature oxides, such as conductive nitrides, such as conductive oxides (being here M=Ru, Rh, Ir and Os, or 
Re), such as metals, such as Pt, Au, aluminum, or Pd, and MOx (0< x<2), and TiN, ZrN, or YBa2Cu 307-x, 
and Bi2Sr2calcium2Cu 3O10, can be used for the material of a lower electrode. When required, the middle 
glue line 1 1 can be formed and the degree of adhesion between the lower electrode 12 and the substrate 
material 10 can be improved. For example, in depositing Pt on Si/Si02 substrate, in order to raise the 
degree of adhesion of Pt and Si02, it prepares thin Ti interlayer. Then, the ferroelectric matter 13 which is a 
layer structure oxide is deposited on the lower electrode 12 according to the process of this invention 
mentioned later. After the material of the up electrode 14 forms a direct electrode on a required field, or 
once deposits this material on the whole ferroelectric film surface and masks appropriately by depositing 
through a shadow mask after that, it forms some capacitors on a wafer by using either of the standard VLSI 
etching processes, such as reactive ion etching, wet etching, ion milling, and plasma etching, and 
**#*******ing. 7h e material of the up electrode 14 may be the same as that of what was used for the lower 
electrode 12 also here, or what combined them is sufficient as it. When required, as shown in drawing 3 , 
between the ferroelectric layer 13 and the lower electrode 12 and between the ferroelectric layer 13 and 
the up electrode 14, buffer layers 15 and 16 can be added, respectively, and can also carry out a laminating. 
[0038] In the specific embodiment of this invention, the starting material was prepared using the 
organic-metal decomposition (MOD) process, and the solution was applied on the Si/Si02/Ti/Pt substrate 
using the spin coat process. This substrate was chosen because it had spread through non-volatilized 
RAMs. The 2 (TaxNb 2-x)OSrBi9 solid solution which has composition of x=0~2 for this purpose was chosen 
as a layer structure oxide. As a precursor for manufacturing the thin film which consists of these 
compounds, strontium-2-ethylhexanoate (Sr (C7H15COO)2, 99.8%), Bismuth-2-ethylhexanoate (Bi 
(C7H15COO)3, 99%), The xylene was used as a solvent using tantalum ethoxide (Ta (OC2H5)5, 99.95%), 
niobium ethoxide (Nb (OC2H5)5, 99.95%), and 2-ethyl hexanoic acid (C7H15COOH, 99%). The flow chart for 
preparing these starting materials is shown in drawing 4 . 

[0039] Based on the mole percent of the metal in a final compound, this process was started by measuring 
the required weight of a precursor about each metal. When using in a certain case, for example, a bismuth 
precursor, in order to compensate evaporation of the bismuthic-acid ghost under pyrolysis, the precursor of 
a superfluous weight was added. 2-ethyl hexanoic acid was added, Ta ethoxide and Nb ethoxide were 
changed into ethylhexanoate, and the solubility to the strontium ethylhexanoate and bismuth ethylhexanoate 
of these precursors was raised. Only amount sufficient in tantalum ethoxide and niobium ethoxide completed 
this conversion for this acid. The weight/ volume of the solvent (xylene) to add were defined according to 
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the required concentration of the precursor of a culmination. As a solvent, an aromatic hydrocarbon, alcohol, 
and ester, such as a xylene, can be used. At the 1st process (see drawing 4 ), the tantalum ethoxide and 
niobium ethoxide of the specified quantity were added to 2-ethyl hexanoic acid of the amount measured 
beforehand. This solution was stirred for 30 minutes at 100-120 degrees C, and the conversion to metal 
hexanoate from metal ethoxide was attained. The strontium-2-ethylhexanoate of the amount of 
stoichiometries was added after cooling, and this solution was stirred for 30 minutes at 125-140 degrees C. 
Then, the bismuth-2-ethylhexanoate precursor was added. It became clear that good strong dielectric 
characteristics are given to a film as adding a precursor with 50 superfluous% so that this section might 
describe later. 10-20 hours stirred the obtained solution at 130-150 degrees C, and the perfect miscibility 
of the above-mentioned precursor was checked. Then, this mixture was filtered using the 0.45-micrometer 
filter, and the particle of all the kinds that may exist as an impurity in a solution was removed. The xylene 
which is a solvent was added into this condensed precursor solution, and concentration of this solution was 
carried out [ I. ] in 0.1 mols /. 

[0040] Then, the thin film which consists of these solid solutions was prepared by carrying out the spin coat 
of the 0.1 -mol [/I. ] solution to up to 3 inches Si/Si02 / Ti/Pt wafer. The thickness formed for every coat 
is controlled by this process by the concentration, the rotational speed, and the turnover time of a 
precursor. Moreover, it can carry out by the ability repeating a spin coat and a baking process several times, 
and desired thickness can also be obtained. In this specific embodiment, the globule of a precursor solution 
was dropped at the substrate rotated at the rate of 1 500 to 2000 rotation (rpm) per minute. The wafer was 
rotated for a total of 20 - 40 seconds by ordinary temperature and the ordinary pressure. Then, this wafer 
was calcinated for 1 - 3 minutes at 220-250 degrees C, and the organic substance was certainly removed 
from these films. This spin coat and baking process were repeated several times, it carried out and the film 
which has different thickness was obtained. Such thickness was separately determined by the scanning 
electron microscopy (SEM) and the angle good variations light ellipsometry method (VASE). The thickness oi 
20SrBi2Ta9 (SBT) film obtained by performing various spin coat and baking cycles as an example and 
20SrBi2Nb9 (SBN) film is shown in Table 1 and 2. Then, the wafer which contains these thin films using 3 
hours and the conventional tube type furnace at the temperature of 750 degrees C was annealed under 
oxygen atmosphere. This heat treatment removed the solvent and composition element of all kinds in a film, 
and the film with high density was generated. This annealing process went to the well of membranous 
crystallization. Crystallization in this process is attained by the sintering mechanism by which the pore in a 
film is crushed, is carried out in this way, and a film with high density is obtained. You may perform this heat 
treatment process in air or nitrogen, an argon, or other inert gas. 
[0041] 
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[0043] The microstructure of a ferroelectric film, composition, and a crystal phase are decisive elements 
which control the property of an element. Therefore, the property of 2 (TaxNb 2~x)OSrBi9 (SBTN) film 
deposited on the Si/Si02/Ti/Pt substrate First about each of the optical property, a microstructure, 
composition, and a crystal phase a spectrum — the ellipsometry method, a scanning-electron-microscope 
(SEM) method, x linear-light electron-spectroscopy (XPS) method, and an energy-dispersion type — a 
spectrum (EDS) — it determined by using methods, such as a method and the x line diffracting (XRD) 
method The membranous thickness and the membranous optical constant which were deposited were 
determined using the angle good variations light ellipsometry method. An ellipsometry angle delta and PUSAI 
were measured as a function of the wavelength (250nm - 1000nm) in the incident angle of 70 degrees, 75 
degrees, and 80 degrees. Cauchy's dispersion relation was presumed and it used for calculating the 
refractive index of thickness and a film. The plot of the refractive index as a function of the wavelength to 
the SBT film and SBN film which annealed at 750 degrees C for 3 hours, and a quenching coefficient is 
shown in drawing 5 and drawing 6 . The thickness of these films was determined as about 200nm. Since the 
obtained refractive index was close to the refractive index which the corresponding bulk compound 
observed, it shows very good film pack density. This was further checked by observing a membranous 
surface morphology using the scanning electron microscopy. Drawing 7 and drawing 8 show the example of a 
type of the SEM microphotography obtained from the SBT film and SBN film which annealed at 750 degrees 
C for 3 hours, respectively. There was no crack in these films, it was high-density and the microstructure 
with uniform molecule level was shown. The average grain size of the SBT film which annealed under the 
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above conditions, and a SBN film was about 0.2 micrometers. Composition of these films was determined 
using the EDS method (membranous bulk) and the XPS method (membranous front face). A bismuth with 50 
superfluous% is added and the result obtained on the SBT film which annealed at the temperature of 750 
degrees C for 3 hours is shown in Table 3. Between the composition expected to be the obtained results, 
sufficient coincidence is obtained so that clearly from these results. This is one of the main advantages 
which uses an MOD process for deposition of a multicomponent system film. Final composition of these film* 
is closely concerned with the amount of stoichiometries and stoichiometry property of a precursor. The 
starting material used in this specific embodiment is fully satisfying the requirements on composition control 



[0044] 
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[0045] It analyzed by X-ray diffraction and the phase formed under such deposition conditions was 
determined. Drawing 9 shows the diffraction pattern obtained from the SBT film which annealed for 3 hours 
at 400 degrees C, 600 degrees C, 650 degrees C, and 750 degrees C. These films that annealed at 400 
degrees C were amorphous so that this XRD data might show. It started at the temperature near 600 
degrees C, and formation of a crystal phase was completed at the temperature near 750 degrees C. The film 
which annealed at 750 degrees C shows ((115), (200), (00 and 10), 220) and (20-10) (315) the strong 
diffraction peak of a field so that it can observe from this data. When an annealing temperature is 750 
degrees C, the film obtained by annealing for 3 hours and the same film are obtained by annealing for 1 hour. 

[0046] Finally, membranous strong dielectric characteristics and a degradation property determine 
membranous practical applicability. In this specific embodiment, the applicability to the non-volatilized 
memory of a ferroelectric capacitor was examined. The hysteresis characteristic of the film equipped with Pi 
electrode was measured using the standard radiographic66A ferroelectric testing device (product made from 
radian technology). The up electrode was deposited on the 2.1x10 to 4 cm area 2 by RF sputtering using the 
shadow mask. Drawing 10 shows the hysteresis characteristic at the time of voltage 5V impression of a SBN 
film. The hysteresis loop is fully saturated with this voltage, and acquired 2Pr value of 9microC/cm2. The 
fatigue test to these films was performed using the 5V square wave a.c. signal with a frequency of 1MHz 
inputted from the pulse generator. Drawing 1 1 shows the result of the fatigue test performed up to 109 
cycle. After these films' not showing fatigue at all until they perform this cycle, but performing 109 cycle, 
loss of polarization is the value which can be passed over which and disregarded to only 4%. As shown in 
drawing 12 , this was checked by measuring the hysteresis characteristic of the film after performing a 
fatigue test. The hysteresis characteristic of these films is similar, after carrying out, before performing a 
fatigue test. The value of the leakage current density to these films was measured as a function of applied 
voltage. When the voltage of 5V was impressed, these films showed the leakage current density of 2x10-8 
A/cm2. 

[0047] These results show clearly that the layer structure oxide by this invention is farther [ than the 
matter manufactured with the advanced technology ] excellent. According to the process of this invention, 
the new method of manufacturing the layer structure oxide thin film which has a high quality ferroelectricity 
can be offered, so that it is applicable to an element. As mentioned above, the specific embodiment indicatec 
while referring to the drawing should not be interpreted as what limits invention indicated to an attached 
claim for the purpose of instantiation to the last. For example, the process of this invention can be used alsc 
for manufacture of the thin film by the high quality layer structure oxide for applying to a ferroelectric 
nonvolatile RAM. For other uses for piezoelectric, pyroelectricity, electro-optics-equipment, etc., this 
process can be applied, in order to manufacture these matter. This process can be applied in order to make 
the structure (it is the thing of a different size and gets) except this invention having indicated specifically 
(capacitor) deposit these matter. Moreover, this process can be corrected and an additional process can 
also be performed further. However, the fundamental concept of this invention is the same also in that case. 

[0048] 

[Effect of the Invention] The manufacture method of the ferroelectric thin film of this invention offers the 
process based on a chemistry solution with the high reliability which manufactures the ferroelectric thin film 
which consists of a layer structure oxide which does not contain the component which is easy to evaporate 
at low temperature. Therefore, it becomes possible to conquer the problem of degradation, such as dielectric 
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breakdown of the fatigue in non-volatilized memory, and time dependency, and aging, by using the 
ferroelectric thin film obtained by the manufacture method of this invention. 

[0049] The ferroelectric thin film obtained by the manufacture method of this invention has the outstanding 
property and outstanding reliability, and can apply them to various elements, such as a capacitor, a 
non-volatilized memory device, a pyroelectric infrared sensor, an optical display device, an optical switch, a 
piezo-electric transducer, and a surface acoustic wave device. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the typical hysteresis loop of the ferroelectric matter. 
[Drawing 2] It is the ** type view showing a typical ferroelectric capacitor. 

[Drawing 3] It is the ** type view showing the ferroelectric capacitor equipped with the buffer layer. 
[Drawing 4] It is the ** type view showing the flow chart for preparing 2 (TaxNb 2-x)OSrBi9 (0< x<2) film 
using the specific embodiment of this invention. 

[Drawing 5] It is drawing showing the refractive index and quenching coefficient of a SBT film as a function 
of wavelength. 

[Drawing 6] It is drawing showing the refractive index and quenching coefficient of a SBN film as a function 
of wavelength. 

[Drawing 7] It is drawing showing the microstructure of the SBT film which annealed at 750 degrees C on Pt 
electrode for 3 hours. 

[Drawing 8] It is drawing showing the microstructure of the SBN film which annealed at 750 degrees C on Pt 
electrode for 3 hours. 

[Drawing 91 It is drawing showing the XRD pattern obtained on the SBT film as a function of an annealing 
temperature. 

[Drawing 10] It is drawing showing the hysteresis characteristic of the Pt/SBN/Pt capacitor before 
performing a defatigation cycle. 

[Drawing 1 1] It is drawing showing behavior of defatigation of applied-voltage 5V and a Pt/SBN/Pt capacitor 
with a frequency of 1MHz (bipolar square wave). 

[Drawing 12] It is drawing showing the hysteresis characteristic of the Pt/SBN/Pt capacitor after 
performing a defatigation cycle. 
[Description of Notations] 

1 0 Substrate 

1 1 Middle Glue Line 

12 Lower Electrode Layer 

13 Ferroelectric Layer 

14 Up Electrode 
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[0 00 5 1 1S, {b*iS«ftcarJ<a»5tci:or. * 

raiirii &mt£ft§s, J2ti£^>-?\ asm 

■^Tl^ fc<£tt.t. * r J cofgSf b^DAv* &35 

iS'igll" <2>C£&cj:-v -CSIc'i* 3 t t WX & & g &^MI 



HVJtl 3 ft J; ^»tt; 7- U *>X 4^^.. BP'fe , ^ 

fffitcTttiim +p r s/cw-Pr* i i?a"rs., coj:9 

$ ti '6 . C ft 6 H-o©tBiR<Z>^ r ft^ 4 ^ > 
fc^ r t j sfcKt roj tLxft-mtr 

f t U « W ft tfft 6 U t ^ 56i8'S ft fSBI * * ' ^ ^ €: M f f 

r±7 > ^'a? t x ^ ^ >j f wi5n^> o.f. scot 

ddofcO'C.A. Paz de ArauiotCJ;^> Science, 246. (193 

9), 1400-140 Ma > o ^m^mchu^x . %mmt* 

7>^A7^t^^*'J (FRAM) ti, *s4v*\s>? 
iSa^P<. Ijjf^E^fS< (5V*i) , S«¥SS*5 

T^SCC^SS i SfctiGa AsCDVL S I KiS{Cf5J6<D 

^i/ayt'J^S'f^ 7 ^ R A M (SRAM) . y 
^J/Xf-^-t';*©?^ v^RAiM (DRA 
M) t fcJ:^'^777lf(/;EEPROM (electr 
ical erasable proqramruible read only memories) <DfX 

h *) 6C B'occ {iffl c ^ 5 c i ^ r # 6 c <h tc 4 6 ., 
[0 0 0 6 ] 

C <b CC J: -j T^filfetfe R A MCC i^7\# 4 i»-lSE W "Iffitt ^ 

foh$><o<D, ^£x{t^mix^&h<D\z. m$mw$km 
£(o£immfr\m%\x c <t -c* & . k®4bji 
^cD-xffi^^ffffi-r^c tx-hz* w%<D^mc^i*x 

kt, ®KW*O»®tt2S^0JIL5l53ftSCcoft 
f o)7>l$«Tf ^ c i glf ^ t * 5 „ )M 

^^TSJIH (I.K. Yoofc<tO'S.B. Desu, Mat. S 
ci. and Enq., B13. (1992), 319; I .K.YooteJctfS.B. 
Desu, Phys. Stat. Sol., am (1992), 565; I.K. Yo 
ofcJ:Z>'S.B. Desu. 3. Int. Mat. Svs.. 4, (1993). 49 
0; S.B. Desu+JJlO'I.K. Yoo s 3 .Electrochem. Soc, 1 
40, (1993). L133«r#J|S) 0S^fLCOf-3*!W^W. 

\o^rj^^b^mm/ ] \mmtnm ( *? J: ov$ few** 



00 
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uni^tc ib<o* tea A 3 n s a r> r , -/ p * * 

SS. BP ft. (a ) i/3 h*-^iefc£©ft^fflSJt 

A A + B B + 30o->V A " + V R " 

cct\ a a , b r , fc.t^Ooti. -en-en a. Bfe<t 

O'V 0 c»w, A, B, 4sJ:O'0M-T-O^+L«::SU. ^ 
A 5 , B 5 , teitfOstttnehO^a ? Xfffi* 

Pb P , + Ti T1 + Zr zr + 30 0 ^xPhO + xV PI " +xV fl ~ 
+ ( 1 - x) Pb P6 + Ti n +Zr Zr + ( 1 - x) O 0 



®cW^cD3S^6nrc^?M^^»^WT* 4 P b 
ZrJi^O, (PZT) 5ffll^» : ©f6h 
& 0 PZT^ £ <7>~< P 2; r (ABO,) SfiSSSf* 

313 n^ (Kroqer-VinlciS8aS;tCj:S) 
[0 0 0 7 ] 

+ 3 Vo°°+ A s + B 5 + 3 Os ( 1 ) 

It5< fc«ffcb*&«>Sfcift)«:, ISftiL-CWTOacc 
[0 00 8 ] 



(2) 



rtH1±^fiali*fo. 5SK«{*K 

^ c ^^^^^^ccj:oT^i/S3nSo cneo 
S^caigrftSci^fi&^CTnsnriiS (s.b. Des 

ufecfcC^I.K. YootCJ:£:J. Electrochem. Soc. 140, CI 
993), L133«:#BS) 0 CO^iSJ^TSfcibfC. JgStftf 

-rtconrii;45>ffi©(SToc £-cas., $Wj>&ep 
jpsnsa .c (frmom^?&2-tt%?cMc& 

s 0 ift^Wvc, cneoxiiit^nnic h^^^3nr. 

[0009] m^^oomor^it<Dmm^m-t ztc&> 
pifife & as****--** * 6 n s . 

^g/ftSSSftcD^tiO-ft-ai^ftS^S c itc J: o , 
h7-j 7*^&ffift£f£T3t[*£C£rA£„ SSESSL© 
h 5 y & ft'NRK: i £ S C i ■ £ '6 R u O , & <t' 

n-CC'*S (^11^^^08/104,861^ (Multilayer E 
lectrodes for Ferroelectric Devices. 1993^8^1 10H 

iAirSS. Late<tc;NbCDK-f>^». ffi?L4ffl 
jR-J- -&C <fc tcj: 0 P t SffiW±0 P z t w««iE»aja 

^fSilS-rStgSBiO-CjMen-CC^ (S.B. Desu, D.P. 
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50 



Vi.iayfcJitfl.K. Yc»tCj:4Mat. Res. Soc. Symp., 335 
(1994), 53*#RS) . ftm&Xffii&&*&'N&te±£ 

[0010] ^otit, Ja««jgKfM»«. ®n»s 
T-cciBffl im t Lrmmic&u 3 nx wo » o 

/Co 0*>0&#6, fg^tMitW4-CA^B i ,T 1 ,O w 
=&7W ^^>^V"-e'JCcSffl3n^> h;>^^i(oy 

- hWWt ltffll^^^cn/c (S.Y.WiitCi^IE 
EE Transactions on Electron Devices. 1974'*Ps£L 49 
9-504H^r#M) . Lfrl/U f)> h , -e<D*-T-W^-fb* 5 ^ 
0^CD"C, ^ ■=& U vCiUffl T ^> tit ?S 3 £C t v c> O "C A o /c 
(S.Y. WuvC<£&Ferroelectrics. 1976. Vol.11. 379-3 

-e o j: o u nvw h * £ Horn ^ ?s 
nr t fcoD/c i ft o 8 n-c c ^ D 

[0 0 1 1 ] JcMMM^cm^XU^ntch(D 

ffifA-TiCiCcAS,, 
[0012] 

ig tRt»iSBSt f m» & h & s wia* ttfa-r s a *c a ^ r , 



(5) 

7 

*cft#U SJRfcJBJjKT&Xg*!:, ttSttc 

z-mmmmi& l , kswe* 6 r**f * x« 

[0013] mmmtmmmmmtwa. sts u < 
j^Tcc^-r-fb^o^^ < t fe— or & o . io 

A„ Bi,T i ntl RO jn , s 
AB i ,R,0 B 

B i jnf! T 1 On- n 

A „ ♦ i B i 4 T i nf4 OiSf3n 

Ctt A«Ca, Pb, Sr. £?c*iB a "Cife 9 . R 
CiN bSfcttT a "C* 0 , *>On = 0 * fcfct I "C*S„ 
[0014] &£^JSWT'fcl:, TaCONb OCttT^ItA* 

feJc-eo. 4r^ D 

[ooi5] ^/c *s^J56PJtc*>^r. swiasffiS'i, 

Si. S i 0,*£ffi<Z>S i . *5CWaAsO*&< 20 
it>-o^6t«fiE3nS¥3li*, t7r^7, Zr 
MffO, S r T i O j . B a T i O, . hh^VXP 

bT i o,cD^ft< it— o^6»iijt3ns*saje*a 

[0016] guOEStRfr*. P t . Al, A n , 
Pd4SSfS^KSffi, MO, (0<x<2) (CC 
T*. MtJRu, Rh, 1 r. Os, Re*5l*»LSC 

*sw*a««ttKfb!»«ffi. t i n**o»«z rN^ 

[0017] msaffitEiffiSB»?H]H<b*s««WCCj:tllffi 

[0018] *S3IJffil?iRc:Ajt^t:, Bu K hm SB f*0 
fct* ttrtc 7 u -te X J: OftS^ -te * £ S^lT £ • 

[0 0 19] S/c. fjfEigMEfcK, 
T tj - ;U . 5? f l^Wih J: O'x * f - ;l/©4> ft < i 

or*s 3 40 
[0 0 2 0 ] i/c v *5|i|JK^J&cfc^T\ fjiEfiMfltt 

6 8 0%/c^M^SaWlT6., 
[0 0 2 M S/c, *51gJ![6WCC*5^'C. *e>=i-h 

*6^(j y' o ^ <D'p ft < i b — o ^ ffl i > r mria H? 

[0 0 2 2] *S3IJ5SWCCtoo^-C. fijSE&fiSW. 

5 0 n Crt>6 2 5 0 <, C(DrD I IOSS"Ctrtot"iS« 
[0 0 2 3 ] 4fc, *43?SSI?iJtC4s^T. fi?8Eftl&«, 50 



«H¥8- 1 1 L 4 I 1 

3 

5 0 0 'C/n 6 8 5 0 "COBfjcoiaS-Cif btiS.. * fc, * 

6 ft SSflSB 3 tt fcSGBSW "CFBI SB JJEl#WfT =b 1 1 £ „ 

[0 02 4] Sfc, A&JIKiWc&OT, 95ie— /E0H# 

[0 0 2 5 ] ifeSietel?>Kc*?t^T. iwBEISifcMliS 

=$HSE*S r B i , (Ta x Nb 2 .J O s ( 0 < x < 2 ) CD 

HSf*J-c js tv r fc 9 . iw 8affr.!Ef* a . xhof^A- 

h (Sr (CH.-.COO),, 
*}<fc*99.S%) , 50%jt#lftli**-7X-2 + 
+/yx- h (B i (C,H n COO) j4 *>J:^99%> , 
^>^;kx h + i^K (Ta (OCH,) s , *s<fc*99.95 
%) , ^^lth'ir'>F (Nb (OC,H s ) s . &J:^c9 
9.95%) fe<fcO'2 -x^;b^^+/>S? (C 7 H ls COO 

BuiEiBE-Eti S i/Sid/Ti/Pt tA 0 . tentTSE 
**i£S15fc:ft^-r ^> B5f EX*M i J x f > n - h ffir * 
0 , /O^ilBSlS^fS^ 2 5 0 °C-C^> D , ^obmEJKjS 

psrati 3 o , ^OHufEflaifejaEStt 750 -cr* 

0. ^OB?SEflPJ»B*iai5aiB$M"C*4. 

[0026] s?c v ASgliSPKcfccjr. fflilE?Si§mf* 

[0 0 2 7 ] *-&^*SP»Ki. fl!E±llffl3nfcfli^ 

[0 02 8] S/c, ASH*fil?'J«. HUSfiiifSSnfci!* 

[0029] a/c, ^^mtef^i:^ suSEHtfasnfciis* 
ffl ^ r ^ + v ^> £ £5Ri£T ^> if? ^56 cc^r 

[0 0 3 0 ] 

-jr&cti: vc ts. CDS? iS vc J: o r f# 6 

< Si, ±3E.Oi*«iSK(b^W«tt. A„ B i 3 T i 
RO Jn .i. ABiiR,O s . B i Jnt2 T i 4 -„O l2 . n . A 
B ,iBi Ji.^O^.i^tl CCt'A = Ca, P 

Sr^^^ttBatib^ R=Nb*Sl^TaT 
AO, *On = OSfckt 1 (E.C.SubbaRaoicJ:?, 
3. Phvs. Chem. Solids, 23(1962) 665; B. Aurivilliu 
sJCct>5Arkiv Kemi, 1 (1949) 463; E.C. SabbaRaotCJ: 
63. Chem. Phys.* 34 (1961) 695; C.A. Smolenski, 
V.A. Isupovfc^fcC^A.I. AqranovskayaiCcfc^Fiz Tverdo 
qo Tela, 3 (1961) «95Sr#jg) „ C n6CDfb^«JtiE 
(CliE*J**f5tt* W 0 , MMtiL-Ji cWc(8^t (Bi 



CO 



©#{t©IBIHtt. C © «fc o tc U -Cft'NEK £ C i 

[0 0 3 1] $^©ii3;^'^f*^)lfi»Kii^a«ft^ig 

i'cotsjfiw: J: o cft6©i§$£«^3^tt^ srf2 

£, ££«&J$U ch&©WWfo»*3MBf** > &l*3« 
-TST-flt. r--^*fft>. SW©*SJI14HtR+KitK 

fc^ss'egf^^ii^w 6 ft £ . 
[0032] ^WGcfflt* eft %Mfi : M14B. W£ i> < 

B, PtRS^'i^^^JAfPt/Ti/SiO,/ 
Si). RuOjm^ , )= ! >Vz-" (RuO,/S i O 
,/S i) . t7 7-^r, Jfc«MgOT*5. 20 

<b. *Bctews&iStt«tt. Pt. mo x (ccr 

M=Ru. I r. Rh. Osfti') . YBCO W r 
>)^A-><<J0^-M®it®» . LSCO (7>^>- 
X r p>*^A-3-''>Ml'riS) - Au, Pel, A ISA: 
BN i "C* &, Kf * l> < «. T a ©N b tc^T £ J±$B 
0. 4lilg-e£>&. Ch^M^^ffl^SCiKio 

[0 0 3 3] 

WK'^DrMifcb < Biwa©3Si£tc*>*£5fi L-cffli^n 
b. :^'mncwmmmimmi. im-mam. mm^<om 

BvOU>r -feXfe J;t>'MO D7'OW©2 oiCfrM 

ftfiWTfrftftt'. C©7"aHzXB]l8©£Afr«¥£ 7-- 
ju i *#tr/c W & ©«:*♦ o -c . Hz x 

a>6titj£3ft&. il^. MODi*5cfflt,>6ft£«&£J^ 
f b£«i B . #d i IS8 'J # > K £ ©TO © V ') v i> t b r 
B^^W^S. L/cA^r. MO Dffi©^a&B;S : i^Lh"C- 
©Wi!S:&IS f (^©Hft&fS* K M - O - M ( im - 5** 



nfflW- 8 - l I I 4 I l 
10 

5„ MO D^P-tzXrii. Hu$<ttigii$#>£©8t!z±^© 

mowaicm. » r . &&©!&£** j: ^^w^tT^n 

&= 

[00 3 4] itfil'C'P-feXB. Bn5Efti3HS£§fc±t-cx 

\tmnr 5 C i tc <fc 9 iSS? * S . *if3f 3 ft * * ©ffi 
ofc^5.t. ^fl^ftti^SOil&f*^ 1 . ^tib/c® 

»-XAKJ: 9 3 F,«:|iS^b^jifiSE3ft. c 9 
L -CigKOiKl. > IKAMS 6 ft S = 

[003 5] t(_hO^'P-t2X^tf ^tC^/c-^TB. jfiW 

*SK & KH-c 1 * 4 , i t^mmm y' n -fe x ccffl I * 6 ft 
4fflfflWteKBBf*BWT©«Ht*Wr S^* "C* 5. BP 

( i ) smammm < . ( 2 > amww®^* 
c 4 ) tm * fc Biiwsr & c i ft < *ft^fl?-i" s c t ^ pi 

figr- AO. ( 5 ) » 6 *ifcl«*«IW«B(*©W«Wtc J; '0 « 

stesh-cr. (8) &r,mim\vfo<D^h&mmm\ 

oft -ci??«rjEBffiS^-r . ^is^w^:w«T-r 
^jcsKi^^^/c 3 mm** m&wic iimn 

jg7 - ofc:XvCfflt ( >6ft-5H?Sgf*« 3 oCD-e-ft-eftgfc* 
^ 7XKMStie. BP-fe . ( 1 ) ^BS7 ;i/3 * ^ K M 
(OR) (2) ifelS*JU#*->U- hM (OOC 
R) ,teJ:C. s (3) #HS7-t2 5^7-<z h l-M (C,H 

,o<) .-c*€». cc-c. m B^d t? * 0 . R it r )i * 



-j^-is FBMS , /->l"'/-iL'"/a-feXiCfflt>6ft. -fiMO 

[0 0 36] 5fi»«*?Wl!S©WiSfflKjSifiKS^< 

(Swartz, S.L.x IEEE Transactions on Electrical In 
sulation, 25, 3. 1990^#M) ., a»*l*©S««ill 
tCO^r©P : ^©^< t-t. PbTiO,. (Pb. L 
a) T i Oj, Pb (Zr.Ti) 0,tt^©^n^* 
hatBS^fttcjpfO-cttsn-ctrfc (k.d. Budd, s.k. 

De\'te«fc^D.A. Payne. Br. Ceram. Proc, 36, 1985. 1 



(7) isispfs- 111411 

11 12 

07; R.A. Lipeles, D.J . Col amen, fectO'M.S. Leung, > ^ 7" O is X<ZH ^ftjfc&ffll^ T X > ^ 6 C 1 5C 

Mat. Res. Soc. Symp. Proc> 73, 1986, 665; G. Yi, cfc T\ 0 _LK + + ^> 5? 4 ^ < O^/£T£ 0 -t 

Z. WU. tei^M. Sayer. 3 . Appl . Phvs., 64(5), 193 SPSS 1 4©ttft«. C C t'fcTSBStS 1 ZiCffl^fci 

8, 2717; S.L. Swartz, P.J. Mellinq-. to J: tfC.S.Grnn <Di t? & J: l>0 , *SC>tt*ft64ffl#^t>t!:fc6 

t, Mat. Res. Soc. Symp. Proc, 152, 1039, 227-232; OtUl^ jftigfrJS^Ckfc. d 3 fojfi'f & 0 *C 4 * 

tte>0'iCC.H. Haertlinq, J. Vac. Sci . Technol A9 7tB1 5fc J: CM ? jSfS1Bf*B 1 3 iTSBSfis I 

(3), 1991, 414**BB) o hfrl>Uifit>. COfrmcJ: 2 tom, WWilSIMl 3 <b±««& 1 4 chCDRfl 

st>©-c*a. ?^sf*iittm^t^©^«3ir^ io £m#m (mod) ^n^xfcffl^Tffi&toHfciHS 

$^H^7PtXOWait'1:. #£(D^}X<DSfiS«{* 0. Xb^^-h^D^^rS i/S iO z /T 

EH*t*fi»JI(En%. S r B i,Ta,0 9 -S r B ijN i /P t SfeifcSffifcttffiOfc. C<D»tR*«/U:© 

CcHii L r ^ ^^^cD^om^S ( nn o , MO SrBi, (Ta.Nb,.,) 0,Bftft£Jltttft£Bftfl:fe 

*T?i1ttM*cjirJ , \ #rFt93R(Di6SH as^fcJMH Z -t-^x-F (Sr (C 7 H 15 COO) ,> 99.8%) * ^ 

PF,mfco<tir^n^^^ri^^ciLtsiir ibi (c,h is c 

20 OO) 3 . 99%) . ^^l/ih^F (Ta (OC 2 H 
s ) s , 99.95%) , ~*:/x h + ^K (Nb (OC 
,1-1, ) Sl 99.95%) feJ:0'2 -x=FJl/^-tf->K (C, 
H ls COOH, 99%) +VU>^i§iiltffl 

[0 03 9 ] ftt^Wfb^^O^IS©^^"— fe> He 
VTs -? X fl SE-f* * ffl C > £ t£ ^CC t.t . JSi^fl? * © t: X -v X 

[p|tfS£.j^r£& s Sfsi ooiaiffi-hicsj. t^Fn^p 30 r&fbfto;S<b£?^ 

TSIiSSOl?tf4«, PL, Au. A 1 ttc&Pdte£<D Cft 60H5iEf*©x KJ>^ f )Axf JK + t/x- h 

^ mo, co<x<2) tt£©*«!HMMi! (cc te£vvx^x±?)^*irs^-hictt?z®mmz 

X\ M=Ru, Rh. Ir, Os^t»SiRe) . Ti iSto/c C $ > £JUx h * is K*s«fc O'x^x h 

fiO±CCP t SrJttfa-rSift&tCKt, P t <h S i 0 2 £63 (;t, ^fSffl:©^ > ^ h ^ ^ KfciO'^ * 7'* h * ^ 

^oriflBt^&C <b CC J: -j r^fe^l!i±tCiHg«tS?: h C ?r 12 5- 140'Cr 3(tfHffl Mft b fe 0 C 

> y , 7^;X7X 7 > ^Aj: ^CD:ffLp.WV LSU'r^ 50 C t ^IPJ L/c 3 » h nfcffiffRSrl3O^15O°C"ClO-20niS 



[0 0 3 7]i2(t «»«*«J«ASJBtt«liifflft«J-C 

S IS t* it <t 5 C <h -C * , ^ ti tc iot fSJIt ft JRffl 
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^- © fig, 0.45UHlCO^ ^ Jl/^-^flHOiTCCD-S^^ifl 

o.i^u/U ■> h;ucL//c 

[0 04 0 ] -£<Df^ O.l^e;!// U *v h ;MS?E4 3 W > 
^Si/Si 0 : /T i /P t ^x^±-x^f>n- 

h-facifccfc^-c, c *i £> cog vSi*^ 6 & a SIS* P 
|l/c 3 c©^n-te^Tii t b&lc&f&ZtiZ&M 10 

-sT£, $/c, xe>:a-h ■ «gJ3E7*nH2^€:SSt|pIiai0iI 

HAg)I8aWCteC»-C(.t 1 L »tOSl500'-2000[H]l5 ( r p 
m ) cOiSStrlHies i+/cSRictu?g(*^RO^?lS«:iiST 

= ^(T>\k. C<D r >xy>*22O-250 n CT 1 - 3 $5fnl 



C8) mT8- l l 1 4 L 1 

14 

-T-Sfl&a^i (SEM) teJcO^M^x'jy'yy h 

(vase) ('C^'om^^-ikmbtc,, -mtb 

SrBiJa.O, ( S BT) MfciC^S r B i t Nb, 
O a (SBN) HS©jmS«r* i fcJX s *2tCTnr. ^ 
8L HHRSHSIT* fflS750"C-C3B*BD<Dlffl. S£#<D* 

p -tz x cc few 5 issi t jn*cDa?L^o^n a MS ^ 

^ 7 ;u ^ > A b flkco ^rStt # x rff "C ■*> J: i > „ 
[0 0 4 i ] 



[0 04 2] 
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[0043] mmtWcO 1 1> ntiiig, ffljffi, cfco'ns 

^■^t, S i/S i 0,/T i/P t-Sffi±icJttSlL/c 
S r B i , (Ta^Nb,.,) (SBTN) 1RD*H4 

M«^3Pir»SS (SEM)ffi, x f^vS^F/Ht ( X P S ) 
x^;U^-^?^5>7t (EDS) ffi. 4s J:CK x*8l@I 
Fr (XRD) ffi<bt^/c^S:*fflt^C<htcJ;or?*ffi 
L/c 0 ftlxnT^^MfcJ. V7"y^ h y-ffiiJH^r, ±uifa 
b/c.^O/^?feJ:^X^3a^yv L /EL/Co x'j^'yy h 
»J"flf;^bct^'t-f4, AMW7 0 0 , 7 5' 
iO*8 0" frCfcWSJSS ( 2 50nm— lOOOnm) <DF%$itL 

mommm^mtzoxtm^tc,. 750 -cvsmravr 

~~)l>LtcS B TIKfccfctfS B NJEl:c^*r5?tSS<DMja 
HfiCCTSTT. cnecDlKc7>j?^ £:4ocfc-5-2 0 0 n mtctfe 
L/ /dfflllf ¥«: i£E« U r C > tc(OV , sINStc ftW^c JISGfctS 



rs e>icffis2t/fc. S7*jj:o'a8(;i:-en-en. 750 

*Cr 3 H$Pb1 7^-J1/UcSBT flifc J: ^ SBN JKA J 6 f# 

n-fitiS*:^ 0/c 3 W±OJ: >i^ffcDTtC 7 ^ L/c 
SBTBSfcJ:C>'SBNMO¥iftt4^^X}-cl:, ^0. 2 
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